This study aimed to examine occurrence and antimicrobial resistance characteristics of Salmonella from pigs, pork and humans in Thailand and Laos provinces. The samples were collected from pigs, carcasses and workers in slaughterhouses, retail pork and butchers in fresh markets and patients in hospitals in Thailand (n=729) and Laos (n=458). A total of 295 of 729 samples (34.6 %) collected in Thailand and 253 of 458 (47.4 %) samples collected in Laos were positive for Salmonella. A total of 548 Salmonella isolates from Thailand (n=295) and Laos (n=253) were further analysed. Serovar Typhimurium was the most common serotype in Thai (34 %) and Laos (20.6 %) samples. Approximately 2.4 % of Thai isolates produced extended-spectrum b-lactamase (ESBL). All the ESBL producers possessed bla CTX-M-14 , some of which were horizontally transferred. Class 1 integrons were common in Thai (31.9 %) and Laos (39.1 %) isolates, but none were associated with SGI1. The resistance cassette dfrA12-aadA2 was the most common, while the least common was aadA2-linG (n=1). The dfrA12-aadA2 gene cassette in five isolates and aadA2-linG were located on conjugative plasmid. Three pork isolates were fluoroquinolone resistant and carried an amino acid substitute, Ser-83-Tyr, in GyrA. The qnrS gene was found in 7.1 and 5.5 % of the Thai and Laos isolates, respectively, while qnrB was carried in another Laos isolate (1.9 %). All ESBL producers carried qnrS. In conclusion, multidrug-resistant Salmonella was common in pigs, pork and human samples in this region. The bacteria carried mobile genetic elements and resistance genes on conjugative plasmids that could be readily transferred to other bacterial species.
INTRODUCTION
Salmonella enterica is a major food-borne pathogen that causes diseases in humans and animals worldwide. According to recent global estimates, 93.8 million cases of non-typhoidal Salmonella gastroenteritis occur annually, producing up to 155 000 deaths (Majowicz et al., 2010) . In Southeast Asia, it is estimated that 22.8 million cases with 37 600 deaths occurred each year (Majowicz et al., 2010) . Currently, this public health concern has become complicated because of the rapid emergence and spread of Salmonella strains resistant to clinically important antimicrobial agents.
Antimicrobial resistance (AMR) in Salmonella is often linked to the acquisition of resistance genes associated with mobile genetic elements, particularly class 1 integrons (Partridge et al., 2009) . At the same time, extended-spectrum b-lactamase (ESBL)-producing Salmonellae, particularly serovar Typhimurium, have increasingly emerged (Wong et al., 2014b) . Collectively, the emergence of these resistance characteristics has become a serious public health problem, as third-generation cephalosporins are the drugs of choice for treatment of invasive infections or severe diarrhoea (EFSA, 2012) . Even more concerning, class 1 integrons and ESBL genes are commonly associated with conjugative plasmids that are potentially transferred intra-and interspecies. This could lead to the emergence and spread of multidrugresistant (MDR) Salmonella superbugs.
Mainland Southeast Asia comprises six countries, including Lao PDR, Cambodia, Myanmar, Thailand, Vietnam and West Malaysia, which are closely connected to other world regions, including India and China. For countries with land connections, cross-border economic activities are evident and yield enormous monetary benefits (Paitoonpong, 2006) . Because of regional economic integration (known as the ASEAN Economic Community), the rapid growth of cross-border trade is expected.
Globalization of travel and commerce has been implicated as a risk factor for the emergence and spread of antimicrobialresistant bacteria and resistance determinants (Senok et al., 2012) . Thailand and Laos share a common border approximately 1800 km in length with up to 36 regulated crossing points (Polly et al., 2009) . The largest Thailand/Laos connecting points are between Nong Khai and Vientiane, Mukdahan and Sacannakhet and Ubon Ratchathani and Pakse provinces. Pigs and their meat products are commonly traded commodities between these two countries (Knips, 2004) , while unsanctioned or unregulated slaughter facilities still exist. This leads to frequent unhygienic slaughter of pigs in and around the Thailand-Lao PDR border, causing a major concern for public health authorities. These concerns are further compounded by the illegal movement of pigs in and out of Thailand and Laos (Cocks et al., 2009) . Such legal and illegal border activities, including movement of people, goods and services, could lead to greater risk of cross-border transmission of resistant bacterial pathogens and resistance determinants (Kaferstein et al., 1997) .
The strategic objectives of the AMR Global Action Plan include increasing awareness, knowledge and understanding of AMR (WHO, 2015) . Accurate information about the extent and impact of AMR is indispensable for the development and evaluation of interventions. However, little is known about the current situation, distribution, diversity and AMR of Salmonella in Southeast Asian countries. This study was designed to investigate the prevalence of Salmonella in pigs, pork and humans in the Thailand-Laos border provinces and to further conduct molecular characterization of AMR in recovered Salmonella isolates. The data obtained will strengthen the knowledge and evidence base of AMR in the region and contribute to the objective of the AMR Global Action Plan.
METHODS
Sample collection. A total of 1187 samples were collected from Thai (n=729) and Laos (n=458) provinces (Table 1) between October 2013 and September 2014. The number of samples collected was calculated based on a true prevalence of 50 %, at 95 % confidence level and 10 % error. The sampling sites were located in Thailand/Laos connecting provinces, including Nong Khai/Vientiane and Mukdahan/Savannakhet. The samples were additionally collected in Ubon Ratchathani, Thailand. Samples were collected four times at 3-4-month intervals from each sampling site. For each trip, the sampling was performed in both connecting provinces of Thailand and Laos. The sampling sites were selected to be located within 3 h (15-20 km) from the shipping carriers to ensure that the samples would arrive at the laboratory within 24 h after sampling. Because of logistical constraints, randomized sampling was not possible. The sampling sites included one municipal pig slaughter house, one municipal fresh market and one municipal hospital in each province, covering crossing points with the largest volume traffic between Thailand and Laos, including Nong Khai, Mukdahan and Ubon Ratchathani provinces of Thailand and Vientiane and Savannakhet provinces of Laos. In Thailand, the sampled slaughterhouses (n=3) were largescale facilities with a throughput of 80 or more pigs per day. In Laos, one participating plant was a large-scale pig slaughterhouse with a throughput of 200 or more animals per day, while the others were small scale with a throughput of 50 or fewer animals per day. The slaughter facilities and markets were chosen so that animals and their harvested meat could be tracked and sampled at each point in the supply chain.
During processing, pigs were stunned, bled, dehaired, eviscerated, broken down into six cuts of meat and transported directly to the fresh market. Faecal samples (n=314) were collected from pigs by rectal swab after bleeding but before the scalding process. These faeces samples are now termed 'the pig samples'. The sample collection was designed to obtain faeces comparable to that of the living animals and to avoid the effect of heat generated by scalding hot water on bacteria. It was also to avoid interrupting the slaughtering process because the carcasses were subjected to dehairing instantly after scalding. The carcasses of the sampled animals (n=321) were followed through the slaughter facility and sampled (at least 50 cm 2 area) again after evisceration. The sampled area was the muscle around the neck area. Since the carcass was hung upside down, liquid from other body parts dripped downward to the neck area. Corresponding retail raw meat samples (n=292) were collected from the same carcasses after arriving at the fresh market. All carcass and retail raw meat samples were obtained using sterile swabs.
Human stool samples were collected from workers at the slaughter facilities (n=88) and butchers (n=58) at the retail meat shops participating in this study, as well as from patients with diarrhoea (n=114) in local hospitals. The slaughterhouse workers and butchers provided their own stool samples, while nurses or technicians collected samples from patients. Because of low numbers of human samples, efforts were made to obtain the highest possible number of participants. Research protocols involving human subjects were approved by the Ethics Committee of the Faculty of Medicine of Khon Kaen University (the authorization ID, HE572136).
Salmonella isolation and identification. Salmonella strains were isolated using the standard protocol ISO6579 : 2002 (E) (ISO, 2002) . Five colonies were initially collected from each positive sample and subjected to serotyping by slide agglutination based on the Kaufman-White scheme using commercially available antiserum (S&A Reagents Lab) (Popoff & LeMinor, 1992) . One colony of each serotype was collected from each positive sample. All bacterial strains were stored as 20 % glycerol stocks at À80 C until further analysed.
Antimicrobial susceptibility testing and screening for ESBL strains. Antimicrobial susceptibility profiles were examined by determination of MICs using twofold agar dilution (CLSI, 2013). The ). The antimicrobials were chosen based on their use in the region and also to represent drugs of different classes. Susceptibility to cefotaxime (30 µg), cefpodoxime (10 µg) and ceftazidime (30 µg) was detected using the disk diffusion method (CLSI, 2013) . Isolates resistant to at least one cephalosporin antibiotic were subsequently confirmed for ESBL production using the combination disk method, which compared the inhibition zones created by cefotaxime and cefotaxime (30 µg)/clavulanic acid (10 µg) disks as well as ceftazidime and ceftazidime (30 µg)/clavulanic acid (10 µg) disks (Oxoid). A difference of !5 mm between the inhibition zone of the clavulanic acid and corresponding ESBL disks was interpreted as positive ESBL phenotype. Escherichia coli ATCC ® 25922, Pseudomonas aeruginosa ATCC ® 27853 and Staphylococcus aureus ATCC ® 29213 were used to verify the quality and accuracy of the testing procedure.
DNA extraction, PCR analysis and DNA sequencing. DNA templates used for PCR were prepared by the boiled whole-cell lysate method (Levesque et al., 1995) . Chromosomal DNA was extracted using the GF-1 nucleic acid extraction kit (Vivantis ® ; Selangor Darul Ehsan). Plasmid DNA was extracted using the QIAprep Mini-spin (Qiagen ® ) and PureLink TM Quick Plasmid Miniprep kits (Invitrogen). PCR primers used in this study are listed in Table 1 . All PCR amplifications were performed using Red dye PCR Master Mix Genei (Merck TM ). The PCRs were performed in 20 µl volume containing 10 ng DNA, 0.4 µM each of forward and reverse primer and 10 µl 2Â Red dye PCR Master Mix. For nucleotide sequencing analysis, PCR amplicons were purified using Nucleospin ® Gel and PCR clean-up (Mccherey-Nagel) and then submitted to First Base Laboratories, Selangor Darul Ehsan, Malaysia, for sequencing. The DNA sequences obtained were compared to the GenBank database using the BLAST algorithm available on the National Center for Biotechnology Information website (www.ncbi.nlm. nih.gov).
All Salmonella isolates were screened for intI1 using established laboratory protocols, as previously described by Chuanchuen et al. (2007) and Ekkapobyotin et al. (2008) . Gene cassettes inserted in variable regions were determined using conserved-segment PCR (Levesque et al., 1995) . The conserved-segment PCR amplicons of the same size were subjected to restriction RFLP analysis using EcoRI and HindIII. The digested-PCR products yielded with the same RFLP patterns were considered identical.
Detection of Salmonella genomic island 1 (SGI1) and its variants within the chromosome was performed in all isolates carrying class 1 integrons with resistance gene cassettes (n=106). The left (thdF) and right (S044-yidY) junctions of SGI1 were detected with specific primers as described previously by Doublet et al. (2003) .
All ciprofloxacin-resistant Salmonella strains (n=3) were examined for mutations in the quinolone resistance-determining region (QRDR) of gyrA and parC (Chuanchuen & Padungtod, 2009 ) using PCR and DNA sequencing. The gyrA and parC QRDRs obtained from two ciprofloxacin-susceptible strains were included as controls.
The presence of plasmid-mediated quinolone resistance (PMQR) including qnr (qnrA, qnrB and qnrS), aac(6¢)-Ib-cr and qepA genes was determined in all Salmonella isolates as described previously by Park et al. (2006) , Yamane et al. (2008) and Stephenson et al. (2010) . E. coli qnr-positive strains served as positive controls (Wu et al., 2008) .
Genes encoding b-lactamases, including bla TEM , bla SHV , bla CMY-1 , bla CMY-2 (Hasman et al., 2005) , bla CTX-M group I, bla CTX-M group II, bla CTX-M group III and bla CTX-M group IV, were additionally examined (Pitout et al., 2004) , and bla PSE (Li et al., 2013) was detected by PCR and analysed by nucleotide sequencing. All isolates were screened by PCR for plasmid-encoded virulence factors (spvC, rck and pefA) (Chiu & Ou, 1996; Skyberg et al., 2006) .
Conjugation study. The Salmonella isolates carrying class 1 integrons with resistance gene cassette (n=106) and/or bla genes (n=13) were used as donor strains in conjugation experiments (Chen et al., 2004; Khemtong & Chuanchuen, 2008) . The rifampicin-resistant derivatives of E. coli K12 strain MG1655 were used as recipient strains. Transconjugants were selected on Colinstant Chromogenic agar (Scharlau) supplemented with 32 µg ml À1 of rifampicin and one of the following antibiotics: ampicillin (100 µg ml À1 ), streptomycin (50 µg ml À1 ), trimethoprim (25 µg ml À1 ) or cefoperazone (2 µg ml À1 ). Transconjugants were confirmed as E. coli by growing on MacConkey agar (Difco) or eosin methylene blue agar (Difco) and assayed for antimicrobial susceptibility. Plasmid DNA was extracted from representative transconjugants and examined for the presence of class 1 integrons, the corresponding resistance gene cassettes and/or ESBL genes using PCR as described above.
Statistical analysis. The significance (P<0.05) of the occurrence of Salmonella spp. and antimicrobial resistance genes/cassettes in various sample types, populations and locations was determined using Pearson's chi-square test (version 20.0; SPSS).
RESULTS

Prevalence of Salmonella
In this study, 469 samples (39.5 %) collected were positive for Salmonella. The prevalence of Salmonella varied between samples from different sources and different locations (Table 2) . When considering pig-associated samples (i.e. faeces, carcasses and retail pork), the overall prevalence of (Table 3) . The most common serotype in Thai isolates was Typhimurium, followed by Rissen. Serovars Typhimurium, Rissen, Kedougou and Weltevreden were present in all sample types. In Laos isolates, the most common serotypes were Typhimurium and Anatum. These two serovars, together with Rissen and Stanley, were found in all sample types.
Antimicrobial susceptibility
Multidrug resistance, defined as resistance to three or more different classes of antibiotics, was found in samples of all sources from both countries (Table 4) . Of the 548 resistant isolates analysed, 98.2 % were found to be MDR. The isolates were most commonly resistant to suphonamides (98.3 %), trimethoprim (49.5 %), ampicillin (91 %), tetracycline (92.5 %), spectinomycin (76 %) and streptomycin (84.7 %), while infrequently resistant to nalidixic acid (10.9 %) and ciprofloxacin (0.5 %). Resistance to gentamicin (22.4 %), ceftazidime (2.4 %), cefotaxime (4.4 %) and cefpodoxime (4.4 %) was found to be at a low rate only in Thai isolates. The most common antimicrobial resistance patterns were AMP-SPC-STR-SUL-TET-TRI (19.7 %) for Thai isolates and AMP-SPC-STR-SUL-TET-TRI (29.2 %) and AMP-STR-SUL-TET (22.9 %) for Laos isolates.
ESBL production and ESBL genes
Thirteen Salmonella (2.4 %) isolates collected from Thai provinces produced ESBL enzymes, including four serovar Saintpaul and one serovar Weltevreden from pig carcasses and seven serovar Saintpaul and one serovar Typhimurium from retail pork. None of the isolates from Laos provinces produced ESBL. All ESBL-producing strains yielded a PCR amplicon of bla CTX-M group IV that was confirmed as bla CTX-M-14 by sequencing. The bla CTX-M-14 gene in all isolates could be horizontally transferred to E. coli, with the exception of one isolate (serovar Weltevreden) from a pig carcass and two isolates (serovar Saintpaul) from retail pork.
Class 1 integrons, resistance gene cassettes and SGI1
Ninety-four Salmonella isolates (31.9 %) collected in Thailand provinces were positive for intI1. Among the intI1-positive strains, 45 isolates (47.9 %) carried resistance gene ) from Laos. All of the isolates carried a single point mutation C-248-A in QRDR of gyrA leading to an amino acid substitute Ser-83-Tyr in GyrA. Additionally, all carried a single point mutation, C-283-G, in parC leading to an amino acid change Thr-57-Ser in ParC. The latter was also found in the ciprofloxacin-susceptible strains.
The qnrS gene was identified in 7.1 % of isolates from carcasses (n=6) and retail pork (n=15) from Thai provinces and 5.5 % of carcasses (n=4), retail pork (n=6) and patients (n=4) from Laos provinces ( Table 6 ). The qnrB gene was additionally found in 1.9 % of Laos isolates sourced from pigs (n=1) and retail pork (n=4). MICs for nalidixic acid (8 to >128 µg ml
À1
) and ciprofloxacin (0.25-8 µg ml À1 ) varied for the PMQR-carrying Salmonella isolates. One serovar Give collected from retail pork in Thai province carried qnrS, which also had a base pair change C-248-A in gyrA (MIC for nalidixic acid, >256 µg ml À1 ; ciprofloxacin, 4 µg ml
). All of the ESBL producers carried qnrS (n=13). None of the isolates carried qnrB and qnrS simultaneously. (100) 60 (98.4) 136 (97.8) 23 (92) 289 (98) 56 (95) 81 (98.8) 96 (100) 16 (100) 249 (98.4) 538 (98.2) Ampicillin 70 (100) 59 (96.7) 134 (96.4) 17 (68) 280 (95) 56 (95) 75 (91.5) 78 ( (100) 61 (100) 139 (100) 25 (100) 295 (100) 54 (91.5) 82 (100) 92 (95.8) 16 (100) 
Plasmid-associated virulence genes
None of the Salmonella isolates in this study were found to carry spvC, pefA or rck genes.
DISCUSSION
In this study, the overall prevalence of Salmonella in slaughterhouses and fresh markets in Laos provinces was significantly higher than that in Thai provinces (P<0.05). The prevalence of Salmonella was also significantly higher (P<0.05) in samples collected from pig carcasses in Laos slaughterhouses than those in Thailand. This may reflect differences in hygiene practices within the pig production chain of these two countries. In Thailand, pig production has shifted to intensive commercial industry (Falvey, 2000) . Abattoirs are generally licensed and operate with modern technology under good hygienic standards for both abattoirs (ACSF, 2006) and animal welfare (ACSF, 2010). Still, provincial slaughterhouses with inadequate hygiene exist and are of particular concern. In contrast, most pigs in Laos are raised on family farms (Boonmar et al., 2008) , and small-scale abattoirs with poor hygienic practice in the slaughtering process are still common (Bastiaensen et al., 2011) . The samples obtained for this study were collected from a limited number of sites (one slaughterhouse, one fresh market and one hospital in each province), which must be considered when interpreting the data. Additional surveillance should be performed in other locations to further support the findings of this study.
The prevalence of Salmonella from pig samples collected at slaughter facilities in Thailand (34 %) and Laos (38.7 %) is lower than in previous reports from Vientiane, Laos (Boonmar et al., 2008) , but higher than reports from Northern Thailand (Padungtod & Kaneene, 2006) and Sakaew, Cambodia (Pulsrikarn et al., 2012) . In this study, the prevalence of Salmonella in each country was higher in fresh markets compared to that in the slaughterhouse. The general protocol for slaughter and processing included evisceration at the slaughter facility and direct transportation of the carcass to the local fresh market, followed by cutting the carcass into retail meat portions and cleaning by market butchers. It is likely that Salmonella cross-contamination could occur during transportation and during carcass breakdown, and during cleaning at the retail shop from contaminated equipment and uncontrolled environmental conditions.
A small percentage of workers tested at slaughter facilities were positive for Salmonella in both Thailand (13.4 %) and Laos (25 %), suggesting that these workers could possibly serve as carriers for the pathogen and that an occupational risk exists for these individuals. Pigs can be asymptomatic carriers capable of shedding Salmonella for prolonged periods, which can increase during times of stress such as transportation and processing at the slaughter facility. Interestingly, although the prevalence of Salmonella in retail meat samples was higher than in pigs or carcasses, the butchers sampled from Thai fresh markets had a relatively low prevalence of Salmonella (4 %) compared to slaughter facility workers. None of the Laotian butchers were Salmonella positive, likely due to the limited number of study participants. It is possible that the opportunities for infection during the butchering process are diminished compared to activities performed during slaughter. In hospitalized patients undergoing treatment for diarrhoea, the percentage of Salmonella-positive samples was moderately higher in both Thailand (17.9 %) and Laos (11.1 %) compared to a previous report, which found a prevalence of 7 % in hospitalized children in Northern Thailand (Padungtod & Kaneene, 2006) . Dietary intake and livestock contact were not analysed in this study; therefore, it cannot be concluded that the source of Salmonella infection in these patients was related to pork consumption or exposure to pigs.
The most common serotypes among Thai isolates were Typhimurium and Rissen, while Typhimurium and Anatum were most common in Laos. Even though the same serovar was present in both Thailand and Laos, it cannot be concluded that these two countries are sharing a pool of Salmonella from potcine sources, and the study of genetic relatedness is required. A previous survey suggested that Anatum and Derby were typical characteristics of 
Anatum (24) Pig (7), pig carcass (9), pork (8) (1) * Rissen (40) Pig (10), pig carcass (12), pork (15), worker (1), patient (2) (1) * Rissen (34) Pig (7), pig carcass (10), pork (15), worker (1), patient (1) Typhimurium (1) Pork (1) Regent (1) Pork (1) Stanley (1) Pork (1) (1)
Give (1) Pig (1) (1) * --*Capable of transfer of integrons. Number of isolates is in parentheses.
Antimicrobial resistance in Salmonella in Thailand and Laos
Salmonella in Laotian pigs (Boonmar et al., 2013) . However, in this study, serovar Derby was less common (4/59). Serovar Weltevreden has been increasingly reported in human salmonellosis (Makendi et al., 2016) but was found to a lesser extent in this study. These results indicate variation in Salmonella serovars in Southeast Asian countries. As the serotypes of Salmonella vary by geographic location (Boonmar et al., 2008) , additional factors could affect the various predominant serovars, e.g. a time factor, limited sample sites and certain serovars more likely to carry resistance genes leading to a shift in prevalent serotypes.
The majority (98.2 %) of the Salmonella isolates in this study were MDR. This may reflect the extensive use of antimicrobials in pig production in these two countries or coselection/cross-resistance by other substances. Interestingly, cephalosporin resistance was found in Thai isolates (2.4-5 %), while almost all the Laos isolates were susceptible to these drugs (0-2.4 %). Most pig farms in Laos are run by families. One interpretation of these data is that cephalosporins are cost prohibitive for most family-owned Laotian pig farms and the drugs are less often used, thereby limiting the selection pressure for resistance genes (Boonmar et al., 2008) . In addition, gentamicin resistance in Thai isolates was higher than previous reports in pork from the same country (Angkititrakul et al., 2005; Sinwat et al., 2015) but more similar to that in Vietnam . In contrast, almost all the Laos isolates were susceptible to gentamicin. This variation is likely associated with different types of antibiotics commonly used in pig production in different locations, even in the same countries. The findings underscore the necessities of monitoring antimicrobial use in this region.
Overall, a similar rate of class 1 integrons was found among the Salmonella isolates from Thai (31.9 %) and Laos (39.1 %) provinces. The dfrA12-aadA2 gene cassette was predominant and found in all sample types, indicating its circulation and the presence of its selective pressure in pig production chains. This is supported by the observation Cip (n) that some class 1 integrons carrying dfrA12-aadA2 were located on a horizontally transferred plasmid. As it is often difficult to determine the direction of gene transfer in clinical settings, the spread of MDR Salmonella and its resistance determinants from humans (especially workers at slaughterhouse) to meat products should not be ignored.
The aadA2-linG gene cassette combination (encoding for resistance to streptomycin/spectinomycin-lincomycin) was detected in one MDR isolate, serovar Give, from a pig in Thailand. Lincomycin has frequently been used in combination with spectinomycin for treatment of swine dysentery and respiratory infection in pigs in Thailand (Juttupornpong et al., 1996) . However, its use has been diminished due to increasing resistance. This could explain the presence of the aadA2-linG gene cassette in Salmonella from pig samples in this study.
In this study, ESBL-producing Salmonella isolates were detected only in pig carcasses and retail pork from Thai provinces, and all were MDR. It has been demonstrated that ESBL genes are often located on large plasmids carrying many other resistance genes (Paterson, 2000) . As a result, ESBL-producing enterobacterial isolates are frequently resistant to a broad spectrum of antibiotics, in agreement with this study. This observation is of particular concern, even at a low rate, since use of antimicrobials may co-select for both ESBL and other resistance determinants. In previous reports, CTX-M-type ESBL-producing isolates were frequently found among bacterial species over a wide geographical area (Bonnet, 2004) , in agreement with this study where nearly all ESBL-producing strains (n=10) carried bla CTX-M-14 . The bla CTX-M-14 gene was previously found in Salmonella Enteritidis from a 4-year-old boy in Japan (Izumiya et al., 2005) , patients in Argentina (Jure et al., 2010) and patients in Hong Kong (Jin & Ling, 2006) . The gene was also found in other serovars, including Infantis from a broiler in Japan (Kameyama et al., 2012) and Typhimurium from patients in Hong Kong (Jin & Ling, 2006) . These results highlight the horizontal transfer of the gene, in agreement with our results.
The prevalence of three PMQR determinants [i.e. qnrB, qnrS and aac(6¢)-Ib-cr] in this study was similar to previous reports in food animals from Japan (Asai et al., 2010) and humans in France (Cattoir et al., 2007) . In contrast, it was higher than previous reports on Vietnamese retail meat and food animals from South Korea (Kim et al., 2011) , where no PMQR genes were found. As the presence of Qnr determinants may accelerate mutations in DNA gyrase and topoisomerase IV (Kim et al., 2011) , only one serovar Give harboured qnrS in combination with a single base pair change in gyrA (Nal, >256 µg ml À1 ; Cip, 4 µg ml
À1
). Many PMQR isolates in this study exhibited low nalidixic and ciprofloxacin resistance levels (as low as 8.0 and 0.03 µg ml À1 , respectively). This finding contradicts previous studies suggesting that the presence of qnr genes mediates reduced susceptibility to ciprofloxacin and nalidixic acid (Hopkins et al., 2008; Ferrari et al., 2013) . The data suggest that PMQR-carrying isolates could be missed if resistance to nalidixic acid and ciprofloxacin are the exclusion criteria used to select isolates for further genetic screening.
Coexistence of qnrS and bla CTX-M-14 was observed in all ESBL-producing isolates exhibiting low ciprofloxacin MIC (0.5-1 µg ml
) and varied nalidixic MIC (8-32 µg ml
). Although PMQR determinants did not convey high quinolone resistance to these isolates, it potentially influenced coselection for b-lactamase-encoding genes (Cr emet et al., 2011) . However, this study did not determine whether qnrS and bla CTX-M-14 were co-localized on the same plasmid. The aac(6¢)-Ib-cr gene was previously shown to contribute to an increased ciprofloxacin MIC (Wong et al., 2014a) and was more common than other PMQR determinants in ESBLproducing Enterobacteriaceae (Warburg et al., 2009) . In contrast, none of the ESBL-producing Salmonella in this study possessed aac(6¢)-Ib-cr.
In conclusion, these data demonstrate the high prevalence of MDR Salmonella in pigs, pork and humans within the Thai and Laos border provinces. To the best of our knowledge, this is the first report regarding genotypic characteristics of AMR in Salmonella isolated from pig production chains and patients in Laos and Southeast Asia. This study highlights the need for both a surveillance programme and control and a prevention strategic plan for AMR in bacteria of food animal origin at the national and regional levels. The epidemiological data will help to understand the root cause of AMR, provide information to guide the interventions that are essential for the region and evaluate the success of the interventions.
